With an increase in the focus on achieving customer satisfaction, manufacturing industries are aiming to optimise their processes to a great extent. In any project the constraints of schedule, budget, scope and quality which form the basis of the project management triangle can be fulfilled by implementing project management planning tools & techniques appropriately. In this research study PERT (Program Evaluation and Review Technique) is applied on a project to evaluate the probability of project completion. Another scheduling tool which has gained popularity in recent times is the Monte Carlo simulation. This technique is applied on the same project to perform schedule risk analysis by evaluating the criticality index. The results of both the techniques are compared using hypothesis test to evaluate the more suitable one which can be used practically as a scheduling tool.
INTRODUCTION
In order to complete a project within schedule it is crucial to estimate the probability of project completion precisely. One of the factors that can affect this estimation is activity schedule uncertainties. Thus it is necessary to consider these uncertainties while evaluating the project completion time. Cox (1995) proposed a method to obtain the project completion time by assuming the duration of activities follow a normal distribution.
To complete a project within a predefined schedule, it is essential to use proper planning tools and techniques. The research study proposes a comparison between two most widely used project planning & scheduling techniques PERT (Program Evaluation and Review Technique) & Monte Carlo simulation. PERT considers the uncertainties in activity durations by considering 3 estimates of time. In spite of this the results obtained from PERT have a deviation from practical project completion time. On the other hand, in Monte Carlo simulation a distribution for activity duration can be selected and a range of probability of project completion can be obtained based on 
LITERATURE REVIEW
A project consists of activities to be executed in a predefined sequence in order to complete the project within schedule. There are certain project management tools & techniques that assist project managers to schedule the project in a precise manner. Wyrozębski P & Wyrozębska A. (2013) compared probabilistic techniques of project planning & scheduling -PERT, GERT and Monte Carlo simulation. They found that an integrated approach using Monte Carlo simulation along with PERT results in a higher reliability of schedule planning. W. Na, P. Wuliang & G. Hua (2014) evaluated the project plan robustness and presented a complete estimation of project plan using Monte Carlo simulation. They suggested that the approach could assist project managers to determine the project duration risk & identify key tasks that influence the project plan robustness at the start of project planning. Z. Kong, J. Zhang, Chao Li, X. Zheng and Q. Guan (2015) suggested that Monte Carlo simulation can provide direct pictorial information which could assist the decision makers to select a realistic project completion time. (2008) showed through an algorithm and experimental results that the computational time which is historically the major drawback of Monte Carlo simulations, is definitely minimum these days due to the computational power available. W. Tysiak (2011) showed how to overcome the disadvantages of the PERT approach by using Monte Carlo simulation. He found that PERT introduces insecurities in project planning, whereas Monte Carlo simulation is comparatively more precise. K. A. Kirytopoulos, V. N. Leopoulos and V. K. Diamantas (2008) used PERT and Monte Carlo Simulation for project scheduling and the results produced under four different scenarios were compared. They found that results obtained by Monte Carlo Simulation were superior to that of PERT.
METHODOLOGY
The current study is carried out for a project process of a manufacturing industry. In order to complete a project within schedule, project management tools and techniques assist project managers to a great extent. One such planning tool is the PERT (Program Evaluation & Review Technique). It assists project managers to estimate the probability of project completion. Figure 1 shows the methodology used in this research study.
Figure 1: Methodology
A network diagram is formed for a project process of a manufacturing industry. PERT is applied to the project process in order to evaluate the probability of project completion. The results obtained showed that PERT has certain limitations due to which it is difficult to implement it practically. These limitations include the accurate estimation of activity durations. Monte Carlo simulation is then applied on the same 3. Evaluating the number of simulation runs necessary for applying Monte Carlo. .technique.. 4 . Evaluating probability of project completion using Monte Carlo simulation
Comparing results of PERT and Monte
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2. Evaluating probability of project completion using PERT (Program Evaluation and Review Technique).
1. Forming a network diagram of project activities. 
CASE STUDY

PERT (Program Evaluation and Review Technique)
It is a statistical tool, which was designed to analyze and represent the tasks involved in completing a given project and used in project management to evaluate the probability of project completion. PERT considers a 3 time estimate of activity durations namely: Pessimistic, most likely and optimistic time. The 3 estimate activity durations along with predecessor activities and activities mean and variance are mentioned in table 1. Activity on arrow network diagram is constructed using the above details to evaluate the critical path as shown in figure 2. Therefore, using Table for a standard normal distribution (a normal distribution with mean 0 and variance 1), the probability of meeting the deadline is shown in equation 2
is only a rough approximation of the true probability of meeting the project deadline. 
Monte Carlo Simulation
• In a Monte Carlo simulation, each input is varied within a predefined range hundreds of times to generate a range of outputs along with the frequency of occurrence. This frequency is then translated into the probability of the respective output's occurrence. By using Monte Carlo simulation, we can generate a mathematical distribution (often a bell curve) showing the likely range of outcomes. In this research study an excel spreadsheet simulation is used to calculate the total project critical-path duration and probability of project completion within a predefined schedule.
• Defining distributions for activity time: Duration of activities in a project have uncertainties which need to be considered to evaluate the project completion probability. In order to consider these uncertainties in activity duration, a standard normal distribution is defined for every activity.
• Evaluating number of simulation runs needed: Table 2 This value of the run is then considered as the optimum value to obtain desired results. From the above graph in figure 3 it is seen that when the number of simulation runs = 1320 the values reach a saturation point.
Therefore by both the method 1 & 2 it is seen that the optimum number of simulation runs to get the desired output is approximately 1320 runs.
• Monte Carlo Simulation: A total of 1320 runs are considered for executing Monte Carlo simulation in Microsoft Excel. Table 3 shows the frequency, probability & % cumulative probability of project completion for particular number of days. Figure 4 shows the % probability of project completion and frequency of occurrence of duration in days for 1320 simulation runs.
• Criticality Index: The output of schedule risk analysis is a set of measure that defines the degree of activity criticality. This measure refines the black-and-white view of the critical path to a degree of sensitivity, as follows:
Criticality Index (CI): Measures the probability that an activity is on the critical path as shown in equation 4.
Criticality Index = No.of runs for which an activity lies on the critical path Total number of simulation runs (4) 
RESULTS:
The results obtained by both the techniques i.e. PERT & Monte Carlo simulation are compared to evaluate the more suitable one using hypothesis testing. Formulation of hypothesis is shown below:
• Null Hypothesis: The means of the two samples are the same i.e. the results obtained from both the methods have an insignificant difference.
• Alternative Hypothesis: There is a significant difference in the mean.
Rules for Rejecting the Null Hypothesis:
• If P value is less than 0.05 (95% confidence level of the results), then the difference is significant; otherwise, accept the null hypothesis. 
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To conduct the comparison of means, the "Paired" T-test is used. The P-value obtained is 0.0002, which is less than 0.05. Hence we reject the null hypothesis. Thus alternate hypothesis is accepted i.e. the results obtained from both the methods have a significant difference. The comparison shows that the result obtained from Monte Carlo Simulation is closer to practical project completion duration.
CONCLUSION:
For the timely completion of a project, adopting appropriate project scheduling tools & techniques is of utmost importance. This not only helps to plan each activity efficiently but gives the project managers an approximate duration of project completion.
Project scheduling techniques PERT & Monte Carlo simulation is applied on a project and the results obtained by both the techniques are compared in this research study using hypothesis testing (paired t test). It is concluded that there is a significant difference between the results obtained by both the methods. The result obtained using Monte Carlo simulation is closer to the practical duration of project completion. Thus using Monte Carlo simulation, project managers can evaluate the schedule risk analysis of a project by evaluating the criticality index & probability of project completion.
